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About Us

* Biocomplexity Institute at the University of Virginia
* Using big data and simulations to understand massively
interactive systems and solve societal problems

* Over 20 years of crafting and analyzing infectious
disease models

* Pandemic response for Influenza, Ebola, Zika, and others
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Overview

e Goal: Understand impact of current and emerging Infectious Disease
threats to the Commonwealth of Virginia using modeling and analytics

* Approach:
* Provide analyses and summaries of current infectious disease threats
» Survey existing forecasts and trends in these threats

* Analyze and summarize the current situation and trends of these threats in the
broader context of the US and world

* Provide broad overview of other emerging threats
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Key Takeaways

Projecting future cases precisely is impossible and unnecessary.
Even without perfect projections, we can confidently draw conclusions:

e Case rates are in an undulating plateau, currently in an upswing

* Hospitalization rates remain in plateau, with very slight growth

Most indicators still point to continued plateaus, though some indicate slow growth
* Scenerio Modeling Hub, round 17 results published, impact of fall booster is high

VDH - UVA Updates
* SPHINX project update — PePITA tool piloted at CSTE conference in Salt Lake City

* Projected Trajectories from previous rounds remain on target, no new projections made this round
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COVID-19 Surveillance
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Loudoun

Lord Fairfax

Case Rates (per 100k)
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District Trajectories Hockey stick fit

Portsmouth

s0d — Cases
== Phase 1: May 14

Goal: Define epochs of a Health District’s COVID-19 incidence to = et s

40 + ---- Phase 3: July 01
—— Surge End Date

characterize the current trajectory o == Crnge s
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Method: Find recent peak and use hockey stick fit to find inflection

10 4 Rss: 3961.872

point afterwards, then use this period’s slope to define the o] . | - . |
trajectory W B
st Weekly Case Rate Weekly Hosp Rate
Slope (per 100k) Slope (per 100k)
Declining Sustained decreases following a recent peak slope < -0.88/day slope < -0.07/day
Steady level with minimal trend up or down -0.88/day < slope < 0.42/day -0.07/day < slope < 0.07/day
Sustained growth not rapid enough to be considered a Surge 0.42/day < slope < 2.45/day 0.07/day < slope < 0.21/day
In Surge Currently experiencing sustained rapid and significant growth 2.45/day < slope 0.21/day < slope
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District Case Trajectories — last 10 weeks
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District Case Trajectories — Recent 6 months
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District Hospital Trajectories — last 10 weeks

Number of Districts
Current Week Last Month

Curve shows smoothed hospitalization rate
(per 100K) by district
Hosp rate curve colored by R, number
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Estimating Daily Reproductive Number —
VDH report dates

July 11t Estimates

State-wide cases
State-wide hosps
Central

Eastern

Far SW

Near SW
Northern
Northwest

Methodology

Date Confirmed Date Confirmed

Re Diff Last Week
1.071 0.103
0.987 -0.005
1.154 0.175
0.984 -0.078
1.065 0.195
1.028 0.106
1.087 0.125
1.187 0.192

* Wallinga-Teunis method (EpiEstim?) for cases by confirmation date

* Serial interval: updated to discrete distribution from observations (mean=4.3, Flaxman et al, Nature 2020)
* Using Confirmation date since due to increasingly unstable estimates from onset date due to backfill

1. Anne Cori, Neil M. Ferguson, Christophe Fraser, Simon Cauchemez. A New Framework and Software to Estimate
Time-Varying Reproduction Numbers During Epidemics. American Journal of Epidemiology, Volume 178, Issue 9, 1

November 2013, Pages 15051512, https://doi.org/10.1093/aje/kwt133

15-June-23

Reproductive Number

Reproductive Number Estimates

VA State-level Reproductive Number Estimates Over the Past Three Months
1.5

0.9
Apr 23 May 7 May 21 Jun 4 Jun 18 Jul 2
2023
Date

VA Regional Reproductive Number Estimates Over the Past Three Months

Central
— Eastern
— Far SW
Near SW
— Northern
— Northwest

Apr 23 May 7 May 21 Jun4 Jun 18 Jul 2

12


https://doi.org/10.1093/aje/kwt133

Estimating Daily Reproductive Number —

VDH report dates — EpINOWZ eStimatiOﬂ Re from VDH Cases (last 3 months)

July 11th Estimates

Reproductive Confidence

Trend forecast

number estimate  interval ) g , - {
State-wide cases 1.10 0.70-1.8 Likely increasing E‘g TG gd® Sy S 4 _____
State-wide hosp 1.00 0.78- 1.4 5 ;
Central 1.10 0.85-1.5 Likely increasing 051
Eastern 1.10 0.79-1.4 Likely increasing
Far SW 1.00 0.76-1.3 !
Near SW 1.00 0.78-1.3 0] | T
Northern 1.00 0.76-1.4 s P 3 ::osos ez forogt
Northwest 1.10 0.82-1.5 Likely increasing Date

e . . Type Estimate Estimate based on partial data Forecast
Initial results based on past 3 months of data with updated EpiNow2 method e [ [ ’ []

Effective reproduction no.
1.5
Methodology !
: L i N . . - e R R

* EpiNow2 which is based on similar approach as EpiEstim (currently used on previous slide) "
* Serial interval updates with COVID-19 disease model in EpiNow?2 031
¢ Continue to use confirmation date but report date biases are better accounted for 0.0 ! | ‘

E E s z = i

2 2 = o » H
Sam Abbott, Joel Hellewell, Katharine Sherratt, Katelyn Gostic, Joe Hickson, Hamada S. Badr, Michael E 8 3 2 ks 5
DeWitt, Robin Thompson, EpiForecasts, Sebastian Funk (2020). EpiNow2: Estimate Real-Time Case Counts Region
and Time-Varying Epidemiological Parameters. doi:10.5281/zenodo.3957489.

. . . . Expected change in daily cases m "Tcrea,smg ) A S.table ) W Decrasing
EpiNow2 home: https://epiforecasts.io/EpiNow2/ Likely increasing ] - Likely decreasing

15-June-23 13
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Months in View
Most Recent 6 Months ~

Site-Specific Percentiles by Sampling Week

Lower

Percentile Group
B Lowest

VA Wastewater Data Update

Middle
B Higher

€2/20/L0
€2/s2/90
€2/81/90
€2/11/90
€2/v0/90
€2/82/s0
€z/12/s0
€2/v1/s0
€2/L0/50
€2/0€/v0
€z/ez/v0
£2/91/v0
€2/60/v0
€2/20/v0
£2/92/£0
€e/61/c0
€2/e1/€0
€2/s0/€0
€2/92/20
€2/61/20
€z/e1/e0
€2/50/20
€2/62/10
€z/ez/10
€2/S1/10

M Insufficient Data

[l Highest

V..

: : 2 =
N = [ (] wn
= - iy
u k] 2 2 5 ey 7 g 33 S
! = 2 T 3 3 s Eow v @
séye 255 03 2 _ & ES 58 28y=
o8N oE >SS vEnsTZ T 20 L% Dok wc.m cCaa 9 BFWM
cCasbsac8 0" wl%0 0o T ow3SO0OB5T LY T S 35 ¢ S =02
xO oM 22l a¥ESNEZOE=5_Ts080-533F51Lx=29T8&s559 Foxa
B E S EELT R YULEQGgE S3ScT2YVESSscc00>P0 50908 s Q@ c
E— EErwdvc o - voogpgreEaoxs2T 060y 2acX2 0 cnsS8=-25v%
S S GCERBE RO ES S P=SEY=203NO0RES3C5200EF=05283E85%
L P BV oL gmoc.= O=—0=w Om o0 > d003=ET Ccdo0oTr O ©
IIXSIIDMUZ2052>00IIldr-2n0 38 2o I<oIrRroaS=22a
i i b7
)] <] c 1]
e t .M .W f} H
.U .m + | ..hL ...m
c ] [ @ 3 3 3
] © T O ¢ o 5] =]
(] w w 2 un = =2
3
=
IWOJ
(=]
&
z
=
(E
=
O
c
O
—
| -
-}
| -
]
m
]
(%)
ﬁWG
i
1
ﬂv u—
$ o =
= c 9 O
s c O O
k¥ v ©
2 >
= @ I
S g o
) [¢)] g 29
g w S VO ¢ >
= @ @© o ()
£« o9 ¢ 3
w o U..nmcm
tnwz, dnleeo
o c —_=o00mZ2
> O
G| S -
53 Emomm

BIOCOMPLEXITY INSTITUTE


https://www.vdh.virginia.gov/coronavirus/see-the-numbers/covid-19-data-insights/sars-cov-2-in-wastewater/#surveillance-trend

US Wastewater Monitoring

Wastewater provides a coarse estimate of COVID-19 levels in

. .. . . Percent of sites in h percent chan ry over time, Uni
communities and can be a good indicator of activity levels ereEnGol SItes N Sach percent Change-careguly aver Hife, United

States*
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https://covid.cdc.gov/covid-data-tracker/#wastewater-surveillance

COVID-like Iliness Activity

COVID-like lliness (CLI) gives a measure of COVID

transmission in the community
* Emergency Dept (ED) based CLI is more
correlated with case reporting

* Urgent Care (UC) is a leading indicator but may
be influenced by testing for other URIs
* Levels continue to decline into lowest levels in

past 8 months

Central Region

Eastern Region
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Hospitalizations in VA by Age

Age distribution in hospitals

Virginia Hospitalizations by Age (all ages)

Hospitalizations - VA

relatively stable 120
« Uptick in hospitalizations mostly £ oo | 5 | 5059
£ 8007 unknown ? 60 unknown
fueled by 70+ age group & w0 R A e
* Pediatric hospitalizations level off i 22:\,‘,
after UptICk IaSt WEEk ° Jalnl " Feb  Mar IA;JrI - 'Méy' ' Ijulnl ' ° Jalnl " Feb  Mar IA;)rI o 'Méy' ' IJulnl '
date date
Pediatric Hospitalizations by Age (0-17yo)
Note: These data are lagged and . £ 0
based on HHS hospital reporting L SIS o
%20 unknown % 60-
<
e LA I i o o i o o L L B e B e B
2]323 Feb Mar Apr May Jun & 2];123 Feb Mar Apr May Jun
date date

Data Source: Delphi and HHS


https://cmu-delphi.github.io/delphi-epidata/api/covidcast-signals/dsew-cpr.html
https://healthdata.gov/Hospital/COVID-19-Reported-Patient-Impact-and-Hospital-Capa/anag-cw7u

14-Jul-23

COVID-19 Spatial Epidemiology
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/IP Code level case rate per 100K over last four weeks

New cases per 100k in the last four weeks by ZIP code

» Statewide COVID19 case
rates continue to remain gran zip Code Name

Rate
at near historic lows. 1 24277 Pennington Gap 5,370
2 23413 Nassawadox 3,890
e e 3 24091 Floyd 3,700
* DIVIde rates by four to 4 24319 Chilhowie 2,780
calculate average weekly 5 24228 ciintwood 2,670
. : . 6 24263 Jonesville 2,610
incidence. Even Pennington 7 24526 Big lsland o
Gap averaged fewer than 8 23410 Melfa 2,320
9 24314 Bastian 2,100
1,350 / 100k weekly cases. Rl i Lo rbe
. . Only includes zips v_vith pop 2 1000 and no supp. data.
[} Nassawadox |S yet agaln * Denotes zip codes with state prisons.

reporting an unusually
high case rate. It was in
the #1 spot in last month’s
report.

* No ZIP codes with prisons
are reported in this
month’s top 10.

Case Rates by ZIP Code
(2023-06-13 to 2023-07-11)

Based on Spatial Empirical Bayes smoothed case rates, with an 8:1 ascertainment ratio, for four weeks ending 2023-07-11.

fillf UNIVERSITYy VIRGINIA
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Case Rate
High : 6000+

4000
2000

.Low:O

Units = New Cases / 100,000

Contains
‘ Suppressed*
Data
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Risk of Exposure by Group Size and HCW prevalence

Case prevalence in the last four weeks by zip code used to calculate risk of encountering
someone infected in a gathering of randomly selected people

* Group Size: Assumes 8 undetected infections per confirmed case (ascertainment rate from recent

seroprevalence survey) and shows minimum size of a group with a 50% chance an individual is infected
by zip code (e.g., in a group of 50 in Pennington Gap, there is a 50% chance someone will be infected).

 HCW ratio: Case rate among health care workers (HCW) in the last four weeks using patient facing health
care workers as the numerator / population’s case prevalence. High HCW ratios are found in Southwest.

Rank Zip Code Name Size Group Size Needed for 50% Group Size Rank Name Ratio HCW Prevalence / Case Prevalence Prevalgqc1e Ratio

1 24277 Pennington Gap 50 Likelihood of 21 Infected . High : 600+ 1 Buena Vista City 12.7| (Four Weeks ending 2023-07-11) P Higher HCW Prev l i ;
2 23413 Nassawadox 70 3 520 2 Patrick County 10.8|Beyond F"'rede;\ :

3 24091 Floyd 74 440 3 Mathews County 6.6| Scale SEDI, -3:1
4 24319 Chilhowie 98 360 4 Radford City 6.1 AR A 2:1
5 24228 Clintwood 102 280 5 Floyd County 4.7 y / / 9 -1:1
6 24263 Jonesville 105 200 6 Charlotte County 4.7 e 1:2
7 24526 Big Island 117 120 7 Smyth County 4.3 1:3
8 23410 Melfa 118 LOWEAD 8 Bland County 4.0 ’ I'1 4
9 24314 Bastian 130 9 Colonial Heights City 3.5 <~ [ Higher Case Prev )

10 24102 Henry 140 NaN 10 Botetourt County 3.3 R, 2
Only includes zips with pop 2 1000 and no supp. data — N N?,'\,l .
* Denotes zip codes with state prisons 1 / 5

,\//
ick

BT Heny | sl 0 i / s
Note: This assumes that the ascertainment rate of healthcare workers is double that of the public.
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Current Hot-Spots

Case rates that are significantly different from neighboring areas or model projections

* Spatial: Getis-Ord Gi* based hot spots compare clusters of zip codes with four-week case prevalence higher
than nearby zip codes to identify larger areas with statistically significant deviations

 Temporal: The cumulative case rate (per 100K) projected in March compared to those observed by county,
which highlights temporal fluctuations that differ from the model’s projections.

» Spatial hotspots were found in the Southwest and Eastern Shore. Model overpredictions seen in Southside,
New River and Crater. Lenowisco saw more cases than expected. Overall error was ~4.1% since March.

Spatial Hotspots

Spot Zip Code Name Conf.  Point Prevalence Hot Spots by Zip Code
1 24277 Pennington Gap 99% (2023-06-13 to 2023-07-11) |
2 24091 Floyd 99% i o
3 23413 Nassawadox 99% P
4 24319 Chilhowie 99% -
5 24228 Clintwood 99% v
6 24263 Jonesville 99% (N 77 N e
7 23410 Melfa 95% P TN U Y O
__ 8 245268Biglstand 95% FOAS A LD My T\ (oo m
9 24279 Pound 90% grwmp N NS

e \1

Only zips with pop 2 1000 and no supp. data.

J
4 . /7 Augusta ()
* Denotes zip codes with state prisons.

/ Bath 3¢
P, T A\ Albemarl
4 Rockbridge y

bl i
S A

- L e / o r,i Mecklenburg [
P 6" \ —2 e EnE | ey | o / \ J

Getis-Ord Gi* HotSpots

Cold Spot - 99% Confidence
Cold Spot - 95% Confidence
Cold Spot - 90% Confidence
Not Significant

Hot Spot - 90% Confidence
Hot Spot - 95% Confidence
Hot Spot - 99% Confidence

T g/

Northampton /

Based on Global Empirical Bayes smoothed point prevélencé fo?the four weeks ending 2023-07-11.

14-Jul-23

Clustered Temporal Hotspots
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Cumulative Residuals
Adaptive-10MAR vs Ground Truth
(2023-03-12 to 2023-07-09)

/Rockingham’ 7/ Page

Z-Score = 0.507557, P-Value = 0.611764

No Residual Autocorrelation Detected

More Cases
than Expected

Fewer Cases

_, than Expected

Residual

High : 2000
1600

1200

800
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Hospitalization Scenario Trajectory Tracking

Which scenario from three months ago did each county track closest?

. Virginia Daily Hospitalized - Comparison 2023-03-10 C umu Iative M odel P roxi m ity Closest Model

g e 10MAR Predicting Hospitalizations I Adaptive
N from 2023-03-05 to 2023-07-09 Eoual
qua

- IncreaseTemp
- IncreasePerm

Daily Hospitalized cases
5 &

G
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* The counties south of Richmond are now tracking the IncreasedTemp scenario closer than the
Adaptive scenario. Last month they tracked both scenarios equally.

Northampton

o

i

* Smyth County is now tracking IncreasedPerm more closely (previously IncreasedTemp).
* Other areas of the Commonwealth are largely the same as last reported, mostly tracking Adaptive.
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United States Hospitalizations

Al

Number of States
Current Last
Week Month

14-Jul-23

Hawaii - Plateau

Florida - Plateau
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Around the World — Various trajectories

Confirmed cases

Weekly confirmed COVID-19 cases per million people

Weekly confirmed cases refer to the cumulative number of confirmed cases over the previous week.
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8,000
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4,000

2,000
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Aug 22, 2022

Source: WHO COVID-19 Dashboard
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Our World
in Data

Oceania
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South America
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United States

CCBY

Our World
in Data
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Our World in Data

Hospitalizations

Weekly new hospital admissions for COVID-19 per million people

Weekly admissions refer to the cumulative number of new admissions over the previous week.

200

150

France
United States
Ireland
Denmark
Singapore
England

— Israel

Iceland
Belgium

4 South Korea
Italy

Germany

0 r T T T 1
Aug 20, 2022 Dec 6,2022 Jan 25,2023 Mar 16, 2023 Jul 5, 2023

Source: Official data collated by Our World in Data CC BY
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L 22F (Omicron, XB8) ) @ 234 (Omicron, XB8.1.5)
-— 21K (Omicron, 8A.1) @ 220 (Omicron, BA.2.75)
21M (Omicron, B.1.1.529)
21L (Omicron, ~BA:2) @ 22C (Omicron, BA.2.12.1)

@ 215 (Theta, P.3)
228 (Omleron, BAS5) @ 22t (Omicron, Ba.1)
@ 20 (Gamma, P.1)
208 (B.1.1) 22A (Omicron, BA.4)

Emerging variants have potential to continue to alter the future A

@ 20F 02)

trajectories of pandemic and have implications for future control e

@21 (0eita)

214 (pétta, 8.1.617.2/ @)

e Variants have been observed to: increase transmissibility, increase severity i

20A(8:1)

(more hospitalizations and/or deaths), and limit immunity provided by prior

infection and vaccinations

Weighted and Nowcast Estimates in United States for 2-Week

Periods in 3/19/2023 — 7/8/2023

Hover over (or tap in mobile) any lineage of interest to see the amount of uncertainty in that lineage's

A estimate.

Weighted Estimates: Variant proportions based on reported
genomic sequencing results

100% -

D ®
(=} (=}
& £
XBB.1.5
XBB.1.5
XBB.1.5

XBB.1.5

40%

% Viral Lineages Among Infections

20%

0%

4/1/23

4/15/23
4/29/23
5/13/23

Collection date, two-week period ending

Nowecast:
Model-based
projected estimates
of variant
proportions

«
o
«Q
=

Selected
2-Week
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Nowcast Estimates in United States

for 6/25/2023 — 7/8/2023

USA

WHO label Lineage # %Total 95%PI|

Omicron  XBB.2.3 13.4% 11.3-15.8%
XBB.1.9.2 56%  4.0-7.7% [ ]
XBB.1.9.1 94%  8.1-10.9% ]
XBB.1.5.68 1.0%  0.6-1.9%
XBB.1.5.59 16%  1.0-26%
XBB.1.5.10 0.8% 0.4-1.5% [
XBB.1.5.1 07%  05-1.0% ]
XBB.1.5 16.1% 13.8-186% [l
XBB.1.16.6 41%  2.0-7.9% ]
XBB.1.16.1 104% 8.4-12.8%
XBB.1.16 175% 152-200% W
XBB 36% 2551%
FE.1.1 13% 06-2.7% ]
FD.2 01%  0.1-0.3%
EU.1.1 11%  06-1.7% ]
EG.5 13.0% 7.5-21.1%
CH.1.1 02%  0.1-0.4% [ ]
BQ.1.1 0.0%  0.0-0.0% ]
BQ.1 0.0%  0.0-0.0% ]
BN.1 0.0% 0.0-00% |
BF.7 0.0%  0.0-0.0%
BA.5 0.0%  0.0-0.0%
BA.2.75 0.0%  0.0-0.0%
BA.2 0.0%  0.0-0.0%

Other Other” 0.0% 00-01% |

CDC Variant Tracking

@ 21C (Epsilon, B.1.427/429)
200
@ 204 (Beta, B.1.351)
21H (Mu, B.1:621)
@26 (.12
@ 210 (Eta, B.1.525)

@218 (Kappa, B1.617.1)

@ 205 Ev1.B.1aTY)

https://clades.nextstrain.org

Omicron Updates*

XBB.1.5.* proportions have fallen to 20%
XBB.1.16.* has grown to 32%

XBB.1.9.* remains steady at 15%
XBB.2.3 continues to grow at 13.4%

*percentages are CDC NowCast Estimates
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https://covid.cdc.gov/covid-data-tracker/#variant-proportions
https://clades.nextstrain.org/

SARS-CoV2 Omicron Sub-Variants

As detected in whole Genomes in public repositories
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== 5117 - 82121
L0 BAL 10T BAa
m BA2 mmm BAS
BA2.12.1 - BA275
- BA4 “o B11529
o BA4G = BQ.1
== BAS = Q.11
084 1 BA275 05 1 mum BN.1
= BF7 m— xBB
o B1.L529 = XBB.1.5
. B.1.621 - CcH.l
== BQ.1 XBB.1.9
v == BQ.11 v XBB.1.16
() )
06 BN.L 06 1 mum other
< = X8B <
(] [
— XBB.L5 =
@© s XBB.1.9 ©
> CH.1 >
(] = other Q
s jus
a. o o 04

o* S A0 o> o* S A0 o o b 20> 2> o N P &5 o el
7 o o o7 2 o 7 267 e o 151.‘9» R ,lu'ﬁ» e 1_013‘0‘ ,151.'5» _151.‘5» 191.'9‘0& oo
United States United States
[ ()
o 9]
< c
LY Q
© ©
8 >
< <
a &

g e
o o

e A%
10"’3”1 K

14-Jul-23 BIOCOMPLEXITY INSTITUTE

Prevalence

Prevalence

covSPECTRUM

Enabled by data from (&a\[»)
VoC Polynomial Fit Projections

Virginia
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Everything
from dotted
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a projection.
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SARS-CoV2 Omicron Sub-Variants

COV-spectrum
“Editor’s choice”
Variants to watch

Known variants
Which variant would you like to explore?

Editor's choice ¥

XBB* 967% BA275* 19%
___/__,_/
BQ.1* 08% xpo* 0.3%
\_,/ J
XBB.1.16 192% xBB.2.3* 9.7%
/__
EG.5.1 58%  XBB.1.9* + S:F486P 25.3%
/_///
XBB.1.5* 352% CHAA* 1.4%

= " o —

XBC.1.6* 03%  sF486P 95.1%
ORF8:G8* 821%  ORF9b:i5T 48.8%

SPECTRUM
Enabled by data from (&1a\[2)

14-Jul-23

XBB.2.3*

2 growth advantage

ipread pre-dominantly by local transmission across demographic gruum

proportion through time

31%

Current adv. @

29-32

Confidence int. @

Mar 2023 May 2023 Jul 2023

International comparison [ shou more ]
Toggle log scale
din % ScuthKoren & usiia %

20230702

Virginia - 25.0% (XBB.2.3 and sublineages)
Last Sample: 2023-06-26
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https://cov-spectrum.org/explore/United%20States

Global SARS-CoV?2 Variant Status

0

Is (%)

ineages among positive poo

Viral |

W

™ N
@ {9\% \Q(ﬂ’
R

& 8

Global: 14489808 sequences

1.0 4

0.8 4

0.6 4

Fraction

0.4 4

0.2 4

XBC.1.6

XBB.2.3

XBB.1.22.1/FY
FK.
FD
FE.
EG.
EG.
BN
CH.
XBB
XBB.1.5
XBB.1.9

R

.2.75
.2.3.20
.1

.5

.4/Cs
.2.12.1/BG
.2

.1

Delta

Iota
Epsilon

Mu

Gamma

Beta

Alpha
D614G/0ther
Ancestral

B.1.617.2

I e

EEE
D EUE
3N

\V’m \\qﬁb R
I L

| T

. B.1.1.529

1.1

| EX

FD.

2

. Other

&

v

v

XBF
Other_Recombinants

A
&
2021-01-01 to 2023-07-11

Variants Detected, by Collection Week

. BA.1.1 . BA.2.12.1

BA4 BAS

W s B s
| EEEN | EGEEY

BA.2.75

BA.2 BA.2.75.2

BF.7

. XBB.1.5.10

XBB.2.3

BA4.6

| SN
| EEEN

XBB

B xes02

XBB.1.16.1

%

P P L PP PP PP
GRS R

v ar v g U
e .\Qﬂ’ NG .\‘Lﬂ'
§

L LRt L L U
P L \
RS A S S S R s

Fraction

South-America: 4588 sequences

10

0.8

0.6

Fraction

0.4

0.2

=
E
& F

2023-04-12 to 2023-07-11

&

Oceania: 14961 sequences

Fraction

2023-04-12 to 2023-07-11
Europe w/o United-Kingdom: 45416 sequences

- B 1.6
XEB.2.3
—EB.1.22.1/FY

Fraction

BA4/CS
BA.2.12.1/B6
BA.2
BA.L
- Delta
= lota
Epsilon
-
- Ganna
Beta
Alpha
D6146/0ther
Ancestral
XBF
Other_Reconbinants

- XBC.1.6
XBB.2.3
—XEE.1.22.1/FY

- FD.1.1
-l
£6.5
- .1
BN.1
- CH.1
XBB.1.16
—XEE.1.5
XBB.1.9
- xpE
- BA.2.75
- pA.2.3.20
BO.1

- A 4/CS
BA.2.12.1/8G

- 8a.2

- el

= Delta

- Iota
Epsilon

-

- Ganma
Beta
Alpha
DB145/0ther
Ancestral
XBF
Other_Recombinants

2023-04-12 to 2023-07-11

https://cov.lanl.gov/components/sequence/COV/sparks.comp

Week of Collection
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Pandemic Pubs (July 12th, 2023)

1. Large prospective cohort study suggests use of at home antigen tests should
include repeated testing. Antigen test performance was optimized when
asymptomatic participants tested 3 times at 48-hour intervals and when
symptomatic participants tested 2 times separated by 48 hours.

1.0

o
o
?

Participants enrolled in the study between 18 October 2021 and 15 February 2022 (n =7361)

Excluded (n =871)
Reported a SARS-CoV-2 infection in 3 mo before

enrollment: 58
Did not do a paired Ag-RDT and RT-PCR test: 813

Eligible participants who completed at

least 1 Ag-RDT and PCR test (n = 6490) |

Excluded (n=1137)
Switched Ag-RDTs during the study: 9*
Did not pass quality check: 5t
Reported symptoms on first day of testing or tested

positive on first day: 803

Missing PCR results from study day 1: 313

No OTC results within 48 h of index positive PCR
result: 7

I Participants eligible for the analysis (n =5353) I
[

v

Participants who had at least
1 positive comparator result
(n=154)

———

o
o
)

Asymptomatic on

day of index positive

comparator result
(n=97)

Symptomatic on
day of index positive
comparator result
(n=57)

o
a
:

O Asymptomatic
® Symptomatic

o
N
.

Predicted Probability of Ag-RDT Positivity

-@- Single Ag-RDT
2 serial Ag-RDTs
-@- 3 serial Ag-RDTs

3

10 20 30
Ct Value (Participants With RT-PCR Positivity)

0.0

This article describes primary findings from a large study designed in coordination with the National Institutes of Health, FDA, and 3
major Ag-RDT manufacturers to evaluate the performance of serial testing using Ag-RDTs for detection of SARS-CoV-2 among
asymptomatic persons within the first week of infection. Of 7361 participants in the study, 5353 who were asymptomatic and
negative for SARS-CoV-2 on study day 1 were eligible. In total, 154 participants had at least 1 positive RT-PCR result. The analysis was
repeated for different days past index PCR positivity (DPIPPs). Serial testing with Ag-RDTs twice 48 hours apart resulted in an
aggregated sensitivity of 93.4% (95% Cl, 90.4% to 95.9%) among symptomatic participants on DPIPPs O to 6. When singleton positive
results were excluded, the aggregated sensitivity on DPIPPs 0 to 6 for 2-time serial testing among asymptomatic participants was
lower at 62.7% (Cl, 57.0% to 70.5%), but it improved to 79.0% (Cl, 70.1% to 87.4%) with testing 3 times at 48-hour intervals.

https://www.acpjournals.org/doi/10.7326/M23-0385
via Eric Topol
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https://www.acpjournals.org/doi/10.7326/M23-0385
https://twitter.com/erictopol/status/1675986198882562048

Neurological manifestations

Encephalitis 0.1-0.2%; GBS 0.1-1.0%; myelitis 0.1%,
optic neuritis 0.1% in hospitalized patients

Pandemic Pubs (June 8%, 2023)

Antiphospholipid antibody syndrome
Positivity for LA, IgA AB2GPI, and IgA ACA: as

high as 92%, 37%, and 32% in moderate to severe
patients
Other SARDs

Flare of pre-existing SARDs, particularly SLE

Ocular manifestations

Case reports of retinal vein vasculitis and uveitis

1. Several large cohort studies from three different countries indicate an

increased risk (20-30%) for new auto-immune disease following COVID-19 fnterahislung dhvee \ N Ao
. . . . . . el . . atients syndrome
infection. One study shows increased risk based on severity of initial infection.  ‘mim

Case reports in adults aged 35-54 years

7% in severe patients

Articular manifestations

N with Covid N Contr.ols Incregsed Risk o'f New Citation Systemic vasculitis Arthralgia 2.5-31%; case reports of acute arthritis
No Covid Autoimmune Disease
us 884,463 2,926,016 19-47%* Chang R, eClinical Medicine, 9 January 2023 L S
Germany 641,704 1,560,357 43% Tesch F, MedRxiv, 26 January 2023 O I Tie Taae: \ H:mf'OFQSiffl mba'_lirffs.tations
UK 458,147 1,818,929 22% Syed U, MedRxiv 7 October 2022 related manifestations Numerous case reports of ITP and ATHA

*range dependent on specific autoimmune condition, adjusted for competing risks, before this adjustment 100-200% increased risk ~ @erictopol Case reports of crescentic and collapsing

glomerulopathy; IBD flare 1-5%

Skin manifestations

Case series of cutaneous vasculitis and

chilblain-like lesions
Severe COVID-19 cases have demonstrated
a substantial inflammatory response with pro-
inflammatory cytokines and chemokines that Al
stimulate pulmonary inflammation. As the V1. Inflammetory xthrits i PSRN ’
. ) : : :
burden of COVID-19 cases increases o iﬁﬁfﬁ;ﬂﬁﬁm i g3 Female ®
worldwide, so does our understanding of the Y2, Competive fisns dissass ; _— °
condition. Owing to worldwide vaccination ¥2-1. Systemic lupus erythematosus ! —— o .
. " . ge <

efforts, mortality due to COVID-19 has been S T i —

. ) ; ¥2-3. Systemic sclerosis ! —— Age 18-64 L
decreasing, but we continue to witness Y24, Sjogren's syndrome i ul 9
considerable morbidity and increased rates ¥2-5. Mixed connective tissue dissase i . Age 6579 s
of post-COVID-19 conditions and in SRS i Roalis -
particular, new-onset autoimmune and Ty pomlen et : -
inflammatory diseases in individuals who Y29, Psorisis i - M ¢
have had COVID-19. The range and 3. Intestinal related avtoimmune i Hospital o
incidence of these post-COVID-19 disorders 4. Tnflamaty howel dhoms i . &

. . . ¥3-2. Celiac disease i ——
have now _been hlghllght_ed in two large ¥4, Type 1 DM i _._ 1 T : 3
retrospective cohort studies. ¥5. Martality ! Risk ratio after 3 to 15 months of SARS-CoV2 Infection
f - L - ‘ - | - Figure 2 Forest plot comparing incident rate ratios for any first-onset autoimmune disease 3 to 15 months after SARS-CoV-2
1 2 3 4 infection by subgroup. The severity of COVID-19 was operationalized as only outpatient care, usual hospital care and
aHR ICU/ventilation-intensive care unit and mechanical ventilation.

Nature Reviews Rheumatology

https://www.nature.com/articles/s41584-023-00964-y

via Eric Topol


https://www.nature.com/articles/s41584-023-00964-y
https://erictopol.substack.com/p/the-heightened-risk-of-autoimmune

Pandemic Pubs (May 25", 2023)

bV 4 Alpha variant
1. Meta-analysis derived pool of many household or contact tracing studies }—-E—+ : Alpha
with well observed case series to further quantify the shortening of incubation . -r : Oshe veriant
and serial interval (time between infections) over time during the pandemic N N " ;
and across variants. Omicron’s serial interval is shorter than Delta which was T h—

similar to Alpha.

i
1
1
t
2 4
1
T % c ! :
Amato et al., 2022(60] 1 i S Alpha variant - ¥ : Delta
Manicaeta ::l 120 . “ | | , - : Ji 1
Hart et al, 2022{17]4 } - | ' .
1 I .
1 ! 2 D 1 : I e
Harteta } ! { | Delta variant Y 8 Central tendency
Zhang eta - ! ! Central tendency R : o Mean
Luo, et ] . $- e : 1 ; A Median
L] ] - ' 1
- | : ot Dispersion
e 1 [ Dispersion i ! * 95%Cl
Sang Woo Park, 2022(64] 4 Ll = =
Sar: ; ;: :oz:[;u- -~ y SN r—o—{T 1 Omicron variant ?;:c”
1 ! — 95%Crl eyt 1
T t = :
Sang Woo Park, 2022(64] 4 ‘o ' Omicron variant ..: :
Sang Woo Park, 2022(64] 4 ! ! H‘; I
Mefsin et al., 2022(34] 4 - 1 I 'h—+—-6|
Manica et al., 2022{32] 4 1 K] I Del I ¢
Wang, et al., 2023(84) - b —— I Tl 1
- — v sy I ol !
1 3 Y g - 1 .
Realized generation time *1 ! O micron
% 1
- .
o} !
Omicron had the shortest pooled estimates for the incubation period (3.63 days, 95%CI: 3.25- " L !
. . . . . I
4.02 days), serial interval (3.19 days, 95%CI: 2.95-3.43 days), and realized generation time (2.96 . B
days, 95%CIl: 2.54-3.38 days) whereas the ancestral lineage had the highest pooled estimates . T :
for each of them . We found considerable heterogeneities (12 > 80%) when pooling the estimates i ‘
. . . . . . . . . r T 1
across different virus lineages, indicating potential unmeasured confounding from population e i ;
factors (e.g., social behavior, deployed interventions). ' — , ' ' '
0 2 - 6 8 10 12

Realized serial interval

MedRxiv
https://www.medrxiv.org/content/10.1101/2023.05.19.23290208v1


https://www.medrxiv.org/content/10.1101/2023.05.19.23290208v1
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Model Results
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Past projections — Hospitalizations

* Previous projections remain on target with recent observations
* Past 14 weeks have stayed steady and indicate possibility of slight upward trend in

coming weeks

Previous round — 14 weeks ago

Virginia Daily Hospitalized - Comparison 2023-03-10
300.0

— Adaptive
— Adaptive-IncreasePerm
Adaptive-IncreaseTemp

250.0 1

200.0

150.0 1

1000 <

Daily Hospitalized cases

0.0 r—v—sr—r—r—r—r———r , — —
N D B \%%"p%h“’)%’\ -;:a'\a-x%‘-o"pcaﬂ-,-"p%
@*Q;"Dr:."p&mq?’%’x@’”g;@ Q."‘g-::.”}-::. 1::."‘ @Q@x@ el c:.“"-\mbxm‘“‘l@a@géw *‘1 Il @x@»

o oy 5 o
’9‘9’9@1@1’9’9@‘9’9‘9‘9’9’9‘9’9’9‘9’9’9‘9‘9’9‘9‘9’9’9‘9

\P
\P

14-Jul-23

Daily Hospitalized cases

Previous round — 16 weeks ago
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National Modeling Hub Updates
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Current COVID-19 Hospitalization Forecast
Statistical models for submitting to CDC COVID Forecasting Hub

* Uses a variety of statistical and ML approaches to forecast weekly hospital admissions for the next 4 weeks for all
states in the US

Hospital Admissions for COVID-19 and Forecast
for next 4 weeks (CDC COVID Ensemble)
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Virginia Virginia 4 gbslgryed d%ta Eal:i’ﬂinary data ; MQBSICE H!\I_.‘Iass—TE
B reliminary data -
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https://www.cdc.gov/coronavirus/2019-ncov/science/forecasting/hospitalizations-forecasts.html

Scenario Modeling Hub — COVID-19 (Round 17)

Collaboration of multiple academic teams to

provide national and state-by-state level
projections for 6 aligned scenarios

* Preliminary Results

* Round Designed to explore different
seasonal vaccination levels and the
impact of Immune Escape

Scenario Dimensions:
Immune Escape (IE):

Slower IE (20%/yr) vs.
Faster IE (50%/yr)

Vaccination levels:

None vs.
Vulnerable and 65 + vs.
Broader population of eligible

14-Jul-23

https://covid19scenariomodelinghub.org/viz.html

Low immune escape
e Immune escape occurs at a
constant rate of 20% per year

High immune escape
e Immune escape occurs at a
constant rate of 50% per year

No vaccine recommendation

Uptake negligible or continues at very slow levels
based on existing 2022 booster trends

Scenario A

Scenario B

Reformulated annual vaccination recommended for 65+
and immunocompromised

Reformulated vaccine has 65% VE against
variants circulating on June 15

Vaccine becomes available September 1
Uptake in 65+ same as first booster dose
recommended in September 2021

Uptake in individuals under 65 negligible or
continues to trickle based on 2022 booster trends

Scenario C

Scenario D

Reformulated annual vaccination recommended for all
currently eligible groups

Reformulated vaccine has 65% VE against
variants circulating on June 15

Vaccine becomes available September 1

65+ uptake same as first booster dose recommended
in September 2021

Coverage in individuals under 65+ saturates at levels
of the 2021 booster (approximately 34% nationally)

Scenario E

Scenario F

39



https://covid19scenariomodelinghub.org/viz.html

SMH — COVID-19 (Round 17) - Results

Projected Incident Hospitalization by Epidemiological Week and by Scenario for Round 17
( - Start Projection Epiweek; -- Current Date)

Scenario A: No booster, low immune escape Scenario B: No booster, high immune escape
— = — — — & - —m — = L — — — — - — —

® Pea k timing a nd Size Ca n Bnkﬂigg‘rﬁesﬁu@ 6574569 [ High Threshold| 65745.69
oscillate over the longer term

* These scenarios are very /\\ e
unlikely to remain stable over :

I 0 n e r te r m n O n et h e I eSS Scenario C: 65+ booster, low immune escape Scenario D: 65+ booster, high immune escape
’ Vi

40k

Mddiurg Thresnbld: 32872.85

20k

SO m e Of th ese patte rn S m ay é 60k High Threshold| 65745.69 High Threshaold 65745.?9
remain n |
* Scenarios with faster immune |

escape (dashed) converge : |
m O re q u iC kly t h a n th e S I Owe r — wesi:::ﬂjji: All booster, low immune escape — wej:::n:r/:(:;: All bnost?r, high '\mmgne escape
immune escape

|
|
|
|
eshpld: 32872.85
|
|
|

0 |
Jan 2023 Jul 2023 Jan 2024 Jul 2024 Jan 2025 Jan 2023 Jul 2023 Jan 2024 Jul 2024 Jan 2025

Horizon

Slower Immune Escape (20%) Faster Immune Escape (20%)
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SMH — COVID-19 (Round 17) - Results

Projected Incident Hospitalization by Epidemiological Week and by Scenario for Round 17
( - Start Projection Epiweek; -- Current Date)

Scenario A: No booster, low immune escape

Scenario B: No booster, high immune escape

* Faster Immune Escape leads to higher
estimated seasonal peaks

* Wider booster coverage (all age groups)

leads to lower peaks and overall reduction

Scenario C: 65+ booster, low immune escape

in hospitalizations and deaths R e
* Peak timing and size can oscillate over the ¢
longer term

* These scenarios are very unlikely to remain

stable over longer term, nonetheless, some
of these patterns may remain

* Not all models follow same trajectory,

t h O u g h t h e E n S e m b I e h a S p e rfo r m e d We I I 9 Jan 2023 \;2(4)2;/ it/Jan\Z;)Z JuI’202747 / Jan 2025 Jan 2023 JuI’ ;)23 Jan 2024 Jul \20;4 Jan 2025
in the past (when scenarios match what
eventually happens) e O e R e T oW Epiie

Slower Immune Escape (20
14-Jul-23

%) Faster Immune Escape (20%)

41



Incident Hospitalization

SMH — COVID-19 (Round 1

* To date, immune escape evolution has
been slow. Booster campaign size remains
unknown

Projected Incident Hospitalization by Epidemiological Week and by Scenario for Round 17
( - Start Projection Epiweek; -- Current Date)

Scenario A: No booster, low immune escape
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Scenario E:

All booster, low immune escape

Scenario F: All booster, high immune escape
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— Virginia Results

Projected Incident Hospitalization by Epidemiological Week and by Scenario for Round 17
( - Start Projection Epiweek; -- Current Date)

Scenario A: No booster, low immune escape Scenario B: No booster, high immune escape
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Incident Hospitalization

SMH — COVID-19 (Round 17) — Results — Booster Impact

 Comparing A and E (low immune escape, no booster vs. all eligible for booster)
» Total booster coverage similar to last booster campaign (34% national coverage)

* Significant reductions in peak sizes

Projected INncident Hospitalization by Epidemioclogical Week and by Scenario for Round 17
(- Start Projection Epiweek; Current Date)
Scenario A: No booster, low immune escape Scenario E: All booster, low immune escape

Projected Incident Hospitalization by Epidemiological Week and by Scenario for Round 17
( - Start Projection Epiweek; - Current Date)
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SMH — COVID-19 (Round 17) — Results — Booster Impact

* Models estimate potential reduction in
hospitalizations ranging from 35% -
15% for a whole population campaign
and 8% - 18% for a 65+ only campaign

* Reductions in deaths are higher with
ensemble estimates of 22% reduction

for whole population and 18%
reduction for 65+

* Reductions are smaller for the high

immune escape scenarios

14-Jul-23
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SPHINX Project Update

Strengthening Public Health Informatics using NeXt-generation tools

i UNIVERSITYs VIRGINIA

BIOCOMPLEXITY INSTITUTE
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CSTE OUTBREAK TOOLS PROJECT

L CSTE

= Obijective: Pilot test, evaluate, and deploy analytic tools
with identified partners from STLT health departments o —
Development of forecast, analytic, and visualization tools to improve

outbreak response and support public health decision-making

" Project started in February 2023
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PROPOSED FRAMEWORK

Strengthening Public Health Informatics using NeXt-generation tools

Product requirements [ Devel (UVA-BI) ] Tool refinement
eveloper -
(Phase 1) P (Phase 1)
Model Container (Docker Image)
) *
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CATEGORICAL
INDICATORS
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CATEGORICAL INDICATORS FOR EPIDEMICS

" What do we mean by categorical indicators?
" |ndicators of current level of activity (e.g., High, , Low)
" |ndicators of current trend in the activity (e.g., Surging, Plateau, Declining)

" Could be based on the raw time series or other derived quantities (e.g.,R))

= Why categorize!
®  Useful summary of epidemic activity for situation assessment and prognosis

® Valuable for decision makers as well as public communication

= Challenges = Opportunities

= Various definitions and lack of standardization = Correlating across multiple signals

= Sensitivity to anomalies and dynamic range = Aggregating across scales
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EXAMPLES FROM INFLUENZA SURVEILLANCE

2022-23 Influenza season - Experimental targets

2022-23 Influenza Season Week 52 ending Dec 31, 2022
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HHS hospitalizations trend indicators (FluSight 2022-23)
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https://github.com/cdcepi/Flusight-forecast-data/tree/master/data-experimental
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EXAMPLE FROM COVID-19: CASE SURVEILLANCE

Customized slope thresholds for category definitions

Weekly Case Rate Weekly Hosp Rate

Trajectory Description
’9’ Slope (per 100k) Slope (per 100k)
S Case Trajectories VD H:e . ) )
T Updated December 28, 2022 Ll Decli ning Sustained decreases following a recent peak slope < -0.88/day slope < -0.07/day
Declini . ..
pecini: Sustaned dcreses oo Siok Gl Steady level with minimal trend up or down -0.88/day < slope < 0.42/day -0.07/day < slope < 0.07/day
Surging 25
: Steady level with minimal trend up or
v Sustained growth not rapid enough to be considered a Surge 0.42/day < slope < 2.45/day 0.07/day < slope < 0.21/day
: Sustained growth not rapid
lenough to be considered a Surge
o S et eparisnding st In Surge Currently experiencing sustained rapid and significant growth 2.45/day < slope 0.21/day < slope

rapid growth and exceeds recent inflection
points

'-” Number of health districts in each category
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https://www.vdh.virginia.gov/coronavirus/see-the-numbers/covid-19-modeling/district-trajectory-map/
https://www.vdh.virginia.gov/coronavirus/see-the-numbers/covid-19-modeling/district-trajectory-map/
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https://www.vdh.virginia.gov/coronavirus/see-the-numbers/covid-19-data-insights/sars-cov-2-in-wastewater/
https://covid.cdc.gov/covid-data-tracker/#wastewater-surveillance

MULTIVARIATE CATEGORY DEFINITIONS

COVID-19 Community Levels as of Jan 6, 2023
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Red outline indicates county had 200 or
more cases per 100k in last week

Pale color indicates either beds or
occupancy set the level for this county

Dark color indicates both beds and
occupancy set the level for this county

New COVID-19
Cases
Indicators Low Medium High
Per 100,000 people
in the past 7 days
N VID-19 a 100,
ew COVID-19 admissions per 100,000 <100 10.0-19.9 220.0
population (7-day total)
F han 2
ewer;than;200 Percent of staffed inpatient beds
occupied by COVID-19 patients (7-day <10.0% 10.0-14.9% 215.0%
average)
N VID-1 issi 100,
ew CQ D-19 admissions per 100,000 NA <10.0 210.0
population (7-day total)
200 or more
Percent of staffed inpatient beds
occupied by COVID-19 patients (7-day NA <10.0% 210.0%

average)

T T T T T
2022-02-24 2022-05-05 2022-07-14 2022-09-22 2022-12-01

T T T T T
Date 2022-02-24 2022-05-05 2022-07-14 2022-09-22 2022-12-01

Date

Data from: CDC Data Tracker Portal



https://www.cdc.gov/coronavirus/2019-ncov/your-health/covid-by-county.html
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MULTI-TIME SERIES ANALYTICS: COVID-19 IN VIRGINIA

State level categorical correlation

- Source data: VL vs cases VL vs hosp VL vs CLI
= WW viral load by sewershed al Nl il N
< 21 —2% = 21 —zgsz- 23
= Cases mapped to sewershed catchment (from - S S - 8
line list) MEaERnananmn—_——————— "
s CLI% available per health district oo o] ]
= Hospitalizations by health district (from state = {_ ..
level) E e W s g T e R = g
o o . Viral Load Hospitalizations
u Categorlzatlon. :u ||||| ‘“ ‘| ‘||||||| . || |H“| “ ||” |
= Obtain quintiles from entire time series (per | H
signal, location) H | ‘ H ‘ ‘ ” H

= Categorize to level 0 through 4

;1‘ &> @ T @ e e P e 9 g
Cases Cu

= Multi-timeseries analytics: |‘| ‘ i ‘|||H H‘ ||| ‘| “

| m " ||||||| ] | ] III|H
WA B gt gt gt gl g
AT A D 2 0 T o i i Y 0
Eetnt B e

= Pairwise Spearman correlation

= % locations at various quintiles by signal

uuuuuuu
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BEYOND ANALYTICS: PHASE-INFORMED FORECASTING

Phase-informed model ensembles
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1000000

500000 -

Number of confirmed cases

Decline
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Surge

cases
— ground truth

— seg fitted

5
Virginia Beach, Virginia
2.5K N AR_spatial
’ . AR
e ARIMA
2.0K{ mmm SEIR
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EnKF
L5KY mm sTM
B BMA
1.0K 1 I BMA-PI /
500.0 1 ’
007 1 3 o 0o v
B 0 0 0 A A
202* 202> 202 207> 202* 202>

source

dv-cli

hosp ght fb-cli

testing

Adiga et al., Phase-Informed Bayesian Ensemble Models Improve Performance of COVID-19
Forecasts, Annual Conference on Innovative Applications of Artificial Intelligence (1AAl), 2023. Auxiliary Data Sources, IEEE International Conference on Big Data, 2022.

Phase prediction using leading indicators

zgz:::z:mg:zag:mggzmsgms:g:ams!!!!s!zzgz::zg::msmsgzmsgmszgm
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# of states for which an individual signal was identified as a leading indicator
Ph,,.(t) Historically observed sequences same
‘I‘x as the current sequence
Phy (t)|| s 2
Pl P
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Phy, (t—D|| P| — | [ p
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Adiga et al., Enhancing COVID-19 Ensemble Forecasting Model Performance Using
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TAXONOMY OF CATEGORIZATION RULES

= | evel-based categories
= Using equal-width intervals for the data range (e.g., ILINet Activity Indicator)

= Using quantiles of the data to inform category bins (e.g.,,VDH COVID-19 wastewater surveillance)

" Trend-based categories
= Rate change over a fixed length window (HHS hospitalization trends)
= Rate change over automatically detected segments (VDH case trajectories)

= Percent change in activity over a fixed length window (CDC NWSS dashboard)

= Combined rules
How to decide on the

=  Multi-signal-based categories (e.g., CDC Community Levels) appropriate categorization for a
il UNIVERSITY, VIRGINIA

given signal or region!?
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PEpiTA: Phase-based Epidemic Timeseries Analyzer

Phase-based Epidemic Time-series Analyzer (PEpiTA)

- Upload or choose a publicly-available time series for analysis

- Perform standard preprocessing (e.g., interpolation, smoothing)

- Choose among pre-defined rules for category extraction

- Customize analytical parameters such as number of bins, range, trend windows

- Download visualizations and analytical summaries

il UNIVERSITY, VIRGINIA
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PEpiTA - WORKFLOW

/-\/\_/ mmg Pre-process Categorize Interpret

Source time series

Visualize
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Multi-timeseries analytics

Correlate | | Aggregate| | Reconcile

Phase-based Epidemic Timeseries Analyzer (PEpiTA) ‘ \ e o o ‘W

Forecast




UNIVERSITYy VIRGINIA

BIOCOMPLEXITY INSTITUTE

PEpiTA - INTERFACE

UNIVERSITY s VIRGINIA

. . . . Phase-based Epidemic Time series Analyzer BIOCOMPLEXITY INSTITUTE
= Browser-based interface using Django framework PEPITA
Select csv type: @
= Codebase in Python (using pandas, matplotlib) RIS | o i T e e 7 s i £ s s £

Frequency
Specifically, the tool will allow users to select a time series of epidemiological significance and extract categorical indicators of

Daily O weekly

ctivity ove

®  Setup for headless mode; Exploring installation options | ...

and local levels during the COVID-19 response as wi

time. These categories could either be based on level of activity (e.g., quantile of wastewater viral load) or rate of

le.g., change in hospitalization rate). Such categorical indicators have been very useful for policymaking at state, federal,

11 as for tracking seasonal influenza over the years.

| Choose File | NO FILE CHOSEN

Click to upload The team at UVA-BI has developed and refined various such indicators in collaboration with Virginia Department of Health and US Centers

for Disease Control and Prevention for situation assessment as well as improve

https://gith u b_com/NSSAC/PEPiTA Pata Preprocess methods: @ platform for public health departments to adopt for tracking and responding to v

Fill Dates/Values

recasting. Our goal is to build a pathogen-agnostic

ious outbreaks.

Steps to be followed:
Smoothing

d a publicly-available time series for analysis.

. Select the Data Pr ing methods.

ined rules for category extraction.

2
N 3. Choose among pre
Data Categorize methods: € N ° |

4

/Users/vsriniv/Documents/Research/Github/PEpiTA
(base) vsriniv@Srinivasans—-MacBook-Pro PEpiTA % cd webdesign

4. Customize analytical parameters such as number of bins, trend window
Number of Bins:

5. Click the run button to generate the graphs.

2 Level Based
(base) vsriniv@Srinivasans—-MacBook-Pro webdesign % python manage.py runserver © Trend Based terenees
Watching for file changes with StatReloader e Rane 1. Virginia Department of Health, District Trajectary Map, https://wew.vdh.virginia.gov/coronavirus/see—the—numbers/covid-19-
Performing SyS‘tem CheckS PR modeling/district-trajectory-map.
Run Custom range 2. UVA Ensemble, FluSight experimental targets, https://github.com/cdcepi/Flusight-forecast-data/tree/master/data-

experimental/UVAFluX-Ensemble.

System check identified no iSSUSS (0 Silenced) . 3. Adiga et al., Enhancing COVID-19 Ensemble Forecasting Model Performance Using Auxiliary Data Sources, IEEE International Conference
June 23, 2023 - 18:15:37

. . - - - . . Adiga et al., Phase-Informed Bayesian Ensemble Models Improve Performance of COVID- Forecasts, Annual Conference on Innovative
Django version 4.2.1, using settings 'webdesign.settings' A o Aoam et 1 ‘ e L

Applications of Artificial Intelligence (IAAI), 2023.

Starting development server at http://127.0.0.1:8000/
Quit the server with CONTROL-C.

Input pane Landing page


https://github.com/NSSAC/PEpiTA
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PEpITA Phase-based Epidemic Time series Analyzer B View CSV Data

Select csv type: (i ]
. Single time series - Level-based categories

° O Ssingle-time series
& —— Preprocessed time series —— Categorical time series
- ~ o ) T
P I (J Multi-time series \

Frequency

O paily O weekly

v 3000

Upload csv file:
Choose File | NO FILE CHOSEN g 2500
Click to upload 2 2000

File in memory:

Input file properties T

Last Updated: June 23, I /r-'\\
2023, 6:23 p.m. 1000 I N

FS

(9]

alues

w

series
Categorical time series

Time

r~

Data Preprocess methods: o

. Fill Dates/Values

Method

v ,

@® Linear O Forward il 21055'1 ]ul 2?;2 ul 2?;3
, date
. Smoothing
Window: 5
Analytical summary [ & ]

Data Categorize methods: (i ]

PreproceSSing method Number of Bins: ¢

® Level Based

CATEGORY BIN BOUNDARIES NUMBER OF OCCURRENCES PERCENT TIME SPENT AVERAGE DURATION SPENT

c1 (147.13, 895.69) 536 48.59% 107.2
/v L-cut ~
O Trend Based c2 (895.69, 1640.51) 389 35.27% 48.6
Custom Range 3 (1640.51, 2385.34) 93 8.43% 18.6
c4 (2385.34, 3130.17) 53 4.81% 13.2
c5 (3130.17, 3875.0) 32 2.9% 16.0

Download Categorical Time Series csv [ & ]

Categorization method

© Biocomplexity institute

N

/
Analytical Summary

Visual Summary
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ONGOING AND FUTURE WORK

" |ncorporating stakeholder feedback from VDH and other STLT agencies (like you!)
= Expanding categorization rules and making them FAIR
Findable, Accessible, Interoperable, and Reusable
= |nteroperability with other analytical tools (e.g., epiprocess, EpiNow?2)
" |mproved analytics and interactive visualizations

= Nowcasting and forecasting capabilities; Advanced multi-time series workflows

If you're interested in testing and providing feedback, please reach out to

srinivirinia.edu


mailto:srini@virginia.edu

Key Takeaways

Projecting future cases precisely is impossible and unnecessary.
Even without perfect projections, we can confidently draw conclusions:

e Case rates are in an undulating plateau, currently in an upswing

* Hospitalization rates remain in plateau, with very slight growth

Most indicators still point to continued plateaus, though some indicate slow growth
* Scenerio Modeling Hub, round 17 results published, impact of fall booster is high

VDH - UVA Updates
* SPHINX project update — PePITA tool piloted at CSTE conference in Salt Lake City

* Projected Trajectories from previous rounds remain on target, no new projections made this round

 UNIVERSITYo VIRGINIA
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Questions?

Points of Contact

Bryan Lewis
brylew@virginia.edu

Srini Venkatramanan
srini@virginia.edu

Madhav Marathe
marathe@virginia.edu

Chris Barrett
ChrisBarrett@virginia.edu

14-Jul-23

Biocomplexity COVID-19 Response Team

Aniruddha Adiga, Abhijin Adiga, Hannah Baek, Chris Barrett,
Golda Barrow, Richard Beckman, Parantapa Bhattacharya,
Jiangzhuo Chen, Clark Cucinell, Patrick Corbett, Allan
Dickerman, Stephen Eubank, Stefan Hoops, Ben Hurt, Ron
Kenyon, Brian Klahn, Bryan Lewis, Dustin Machi, Chunhong
Mao, Achla Marathe, Madhav Marathe, Henning Mortveit,
Mark Orr, Joseph Outten, Akhil Peddireddy, Przemyslaw
Porebski, Erin Raymond, Jose Bayoan Santiago Calderon,
James Schlitt, Samarth Swarup, Alex Telionis, Srinivasan
Venkatramanan, Anil Vullikanti, James Walke, Andrew
Warren, Amanda Wilson, Dawen Xie
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